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PROBLEM TO BE SOLVED: To provide a switching power source and 
an electronic apparatus using it capable of cutting power consumption 
by decreasing a switching frequency sharply under a light load. 
SOLUTION: This switching power source is provided with a turning-off 
circuit 5 that turns off a first switching element Q1 in an 'on' state and 
a control circuit 4 having an off-period control circuit 6 that further 
delays turning off the switching element Q1 as the load becomes 
lighter, based on a feedback signal from an output voltage detecting 
circuit 3. The off-period control circuit 6, provided in series between a 
feedback winding N3 and the switching element Q1, has a transistor 
Q1 , a second switching element whose on-off control is performed 
based on the feedback signal from the output voltage detecting circuit 
3. The lighter the load, the lower the switching frequency can be 
made. Thus, power consumption under the light load can be cut. 
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(54) SWITCHING POWER SOURCE AND ELECTRONIC APPARATUS USING 
THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a switching power source and an 
electronic apparatus using it capable of cutting power consumption by 
decreasing a switching frequency sharply under a light load. 
SOLUTION: This switching power source is provided with a turning-off circuit 5 
that turns off a first switching element Q1 in an 'on' state and a control circuit 4 



having an off-period control circuit 6 that further delays turning off the switching 
element Q1 as the load becomes lighter, based on a feedback signal from an 
output voltage detecting circuit 3. The off-period control circuit 6, provided in 
series between a feedback winding N3 and the switching element Q1 , has a 
transistor Q1, a second switching element whose on-off control is performed 
based on the feedback signal from the output voltage detecting circuit 3. The 
lighter the load, the lower the switching frequency can be made. Thus, power 
consumption under the light load can be cut. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The transformer equipped with the primary winding, the secondary 
winding, and the feedback winding, and the 1st switching device connected to 
said primary winding at the serial, Said feedback winding and the control circuit 
prepared between the control terminals of said 1st switching device, In switching 
power supply equipment equipped with the rectifier circuit connected to said 
secondary winding, and the output voltage detector which detects the output 
voltage outputted from said rectifier circuit, and is fed back to said control circuit 
The turn-off circuit where said control circuit carries out the turn-off of said 1st 
switching device of an ON state, Switching power supply equipment 
characterized by having the "off 1 period control circuit controlled to become so 
long that the turn-on of said 1st switching device delayed based on the feedback 
signal from said output voltage detector and the "off period of said 1st switching 
device become a light load. 

[Claim 2] Switching power supply equipment according to claim 1 which said "off 1 
period control circuit is prepared between said feedback windings and control 
terminals of said 1st switching device at a serial, and is characterized by having 
the 2nd switching device by which on-off control is carried out based on the 
feedback signal from said output voltage detector. 

[Claim 3] Switching power supply equipment according to claim 2 characterized 
by setting said 2nd switching device to the transistor or n channel FET of an NPN 



mold. 

[Claim 4] It is switching power supply equipment according to claim 2 or 3 which 
has the limit circuit where it is made for the control voltage of said 1st switching 
device not to exceed the predetermined range, and is characterized by 
constituting this limit circuit including said 2nd switching device. 
[Claim 5] The 2nd switching device by which said "off' period control circuit was 
prepared between said feedback windings and control terminals of said 1st 
switching device at the serial, It has the time constant circuit by which it is 
prepared in the control terminal of this 2nd switching device, and a time constant 
is controlled based on the feedback signal from said output voltage detector. 
Switching power supply equipment according to claim 1 to 4 characterized by 
said output voltage detector having regularity or the negative feedback circuit 
kept almost constant for said feedback signal. 
[Claim 6] Switching power supply equipment according to claim 1 to 5 
characterized by having the "on" period extension circuit where said turn-off 
circuit lengthens the "on" period of said 1st switching device, so that the period 
for which the turn-on of said 1st switching device by said "off 1 period control 
circuit is delayed is short. 

[Claim 7] It has the 3rd switching device to which the turn-off of said 1st switching 
device is carried out when said turn-off circuit turns on, while connecting with the 
control terminal of said 1st switching device. While connecting with the control 
terminal of said 3rd switching device, said "on" period extension circuit After 
charging to hard flow at the "off 1 period of said 1st switching device, it discharges 
according to the die length of the "off 1 period of said 1st switching device. 
Switching power supply equipment according to claim 6 characterized by having 
the capacitor charged in the forward direction to the electrical potential difference 
which makes the "on" period of said 1st switching device turn on said 3rd 
switching device. 

[Claim 8] Switching power supply equipment according to claim 1 to 7 
characterized by being constituted so that said "off 1 period control circuit which 



said control circuit has, and said turn-off circuit may bring forward the timing 
which performs the turn-off of said turn-off circuit at the "off' period of said 1st 
switching device based on the feedback signal from said output voltage detector. 
[Claim 9] Switching power supply equipment according to claim 8 characterized 
by for said "off" period control circuit receiving the feedback signal from said 
output voltage detector, and connecting the emitter of said photo transistor to 
said "on" period delay circuit so that the current which has the photo transistor 
which passes such a big current that it is a light load, and flows said photo 
transistor may charge said capacitor of a "on" period delay circuit. 
[Claim 10] Switching power supply equipment according to claim 1 to 9 
characterized by having the electrical-potential-difference supply circuit where 
said control circuit supplies control voltage to said "off" period control circuit using 
the electrical potential difference generated in said feedback winding. 
[Claim 1 1] Switching power supply equipment according to claim 1 to 10 
characterized by having the constant-voltage regulator equipped with the current 
antisuckback function prepared between the outputs of the direct current voltage 
supply which supply driver voltage to said "off 1 period control circuit using the 
electrical potential difference generated in said feedback winding, and input 
power and said direct current voltage supply. 

[Claim 12] The electronic instrument characterized by using switching power 
supply equipment according to claim 1 to 1 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic instrument which 

used switching power supply equipment and it. 

[0002] 

[Description of the Prior Art] In recent years, for example, a printer, facsimile, etc., 
the demand to lessening power consumption of the time of standby, at i.e., the 
omitting printing actuation time, has been increasing. Lessening power 
consumption at the time of the own standby of a power unit, i.e., a light load, 
used for a printer or facsimile as one is called for. 

[0003] However, in the switching power supply equipment of a general RCC 
method, a switching frequency becomes high and has the property in which 
switching loss increases, so that a load becomes light, and if it remains as it is, 
reduction of the power consumption at the time of a light load cannot be desired. 
[0004] On the other hand, the switching power supply equipment for reducing the 
power consumption at the time of the light load in the switching power supply 
equipment of a RCC method is indicated by JP.7-67335.A. By having the circuit 
which grounds the control terminal of the 1st switching device compulsorily 
during 1 scheduled time, the switching power supply equipment indicated by 
JP,7-67335,A is reducing the power consumption at the time of a light load, as 
the turn-on of the 1st switching device is delayed and a switching frequency does 
not become more than fixed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the switching power 
supply equipment indicated by JP.7-67335.A, there is a problem that a switching 



frequency cannot be sharply reduced at the time of a light load, and power 
consumption cannot be referred to as reducing sharply only by making it a 
switching frequency not become more than fixed. 

[0006] Moreover, there is a problem that a switching frequency cannot follow the 
abrupt change of a load. For example, it is at the light load and heavy-loading 
time, and when it was set up so that a switching frequency might change a lot 
and a load changes suddenly from a light load to heavy loading, the fall of an 
output and a halt of a power source may occur in change of a load, without the 
ability following a switching frequency. For this reason, there is a problem that a 
switching frequency cannot be sharply reduced at the time of a light load. 
[0007] This invention offers the switching power supply equipment which the 
switching frequency at the time of a light load can be sharply reduced for the 
purpose of solving the above-mentioned trouble, and can reduce power 
consumption, and the electronic instrument using it. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the switching power supply equipment of this invention The transformer equipped 
with the primary winding, the secondary winding, and the feedback winding, and 
the 1st switching device connected to said primary winding at the serial, Said 
feedback winding and the control circuit prepared between the control terminals 
of said 1st switching device, In switching power supply equipment equipped with 
the rectifier circuit connected to said secondary winding, and the output voltage 
detector which detects the output voltage outputted from said rectifier circuit, and 
is fed back to said control circuit The turn-off circuit where said control circuit 
carries out the turn-off of said 1st switching device of an ON state, It is 
characterized by having the "off 1 period control circuit which is controlled to 
become so long that the turn-on of said 1st switching device delayed based on 
the feedback signal from said output voltage detector and the "off" period of said 
1st switching device become a light load and to control. 
[0009] Moreover, said "off' period control circuit is prepared between said 



feedback windings and control terminals of said 1st switching device at a serial, 
and the switching power supply equipment of this invention is characterized by 
having the 2nd switching device by which on-off control is carried out based on 
the feedback signal from said output voltage detector. 
[0010] Moreover, the switching power supply equipment of this invention is 
characterized by setting said 2nd switching device to the transistor or n channel 
FET of an NPN mold. 

[001 1] Moreover, the switching power supply equipment of this invention has the 
limit circuit where it is made for the control voltage of said 1st switching device 
not to exceed the predetermined range, and it is characterized by constituting 
this limit circuit including said 2nd switching device. 
[0012] Moreover, the switching power supply equipment of this invention is 
characterized by having the time constant circuit by which said "off" period 
control circuit is established in said feedback winding, the 2nd switching device 
prepared between the control terminals of said 1st switching device at the serial, 
and the control terminal of this 2nd switching device, and a time constant is 
controlled based on the feedback signal from said output voltage detector, and 
said output voltage detector having regularity or the negative feedback circuit 
kept almost constant for said feedback signal. 

[0013] Moreover, the switching power supply equipment of this invention is 
characterized by having the "on" period extension circuit which lengthens the 
"on" period of said 1st switching device, so that the period for which the turn-on 
of said 1st switching device according [ said turn-off circuit ] to said "off" period 
control circuit is delayed is short. 

[0014] Moreover, as for the switching power supply equipment of this invention, 
said turn-off circuit is connected to the control terminal of said 1st switching 
device. While having the 3rd switching device to which the turn-off of said 1st 
switching device is carried out by turning on and connecting said "on" period 
extension circuit to the control terminal of said 3rd switching device After 
charging to hard flow at the "off" period of said 1st switching device, it discharges 



according to the die length of the "off" period of said 1st switching device. It is 
characterized by having the capacitor charged in the forward direction to the 
electrical potential difference which makes the "on" period of said 1st switching 
device turn on said 3rd switching device. 

[0015] Moreover, the switching power supply equipment of this invention is 
characterized by being constituted so that said "off" period control circuit which 
said control circuit has, and said turn-off circuit may bring forward the timing 
which performs the turn-off of said turn-off circuit at the "off" period of said 1st 
switching device based on the feedback signal from said output voltage detector. 
[0016] Moreover, by said "off" period control circuit receiving the feedback signal 
from said output voltage detector, the switching power supply equipment of this 
invention has the photo transistor which passes such a big current that it is a light 
load, and is characterized by connecting the emitter of said photo transistor to 
said "on" period delay circuit so that the current which flows said photo transistor 
may charge said capacitor of a "on" period delay circuit. 
[0017] Moreover, the switching power supply equipment of this invention is 
characterized by having the electrical-potential-difference supply circuit where 
said control circuit supplies control voltage to said "off" period control circuit using 
the electrical potential difference generated in said feedback winding. 
[0018] Moreover, the switching power supply equipment of this invention is 
characterized by having the constant-voltage regulator equipped with the current 
antisuckback function prepared between the outputs of the direct current voltage 
supply which supply driver voltage to said "off 11 period control circuit using the 
electrical potential difference generated in said feedback winding, and input 
power and said direct current voltage supply. 

[0019] Moreover, the electronic instrument of this invention is characterized by 
using above switching power supply equipment. 

[0020] Thus, by constituting, the power consumption at the time of a light load 
can be reduced in the switching power supply equipment of this invention, and 
the electronic instrument using it. 



[0021] 

[Embodiment of the Invention] The circuit diagram of one example of the 
switching power supply equipment of this invention is shown in drawing 1 . The 
transformer T by which switching power supply equipment 1 was equipped with 
the primary winding N1, the secondary winding N2, and the feedback winding N3 
in drawing 1 The 1st switching device Q1 which consists of DC power supplies 
Vcc and MOSFET which are the input power connected to the primary winding 
N1 at the serial, It consists of a rectifier circuit 2 connected between the 
secondary winding N2 and the output terminal Po, an output voltage detector 3 
connected to the output terminal Po, and a control circuit 4 prepared between a 
feedback winding N3 and the gate which is the control terminal of the 1st 
switching device Q1. 

[0022] The rectifier circuit 2 consists of capacitors C1 for smooth connected 
between the diode D1 connected to the secondary winding N2 at the serial, and 
the cathode of diode D1 and a gland. 

[0023] The output voltage detector 3 consists of a series circuit which consists of 
the series circuit and resistance R2 which were connected between the output 
terminal Po and the gland, and which consist of diode D2, resistance R1, and a 
shunt regulator SR, and resistance R3, and a series circuit of the photodiode PD 
1 connected to juxtaposition at the shunt regulator SR, and zener diode D4. The 
node of resistance R2 and resistance R3 is connected to a shunt regulator's SR 
control terminal. 

[0024] The control circuit 4 consists of the resistance R4 and resistance R5 
which were connected, respectively between the node of the turn-off circuit 5 
connected to the gate of the 1st switching device Q1 , the capacitor C2 connected 
to the serial between the end of a feedback winding N3, and the gate of the 1st 
switching device Q1 and the "off 1 period control circuit 6, and the capacitor C2 
and the "off" period control circuit 6, the end of DC power supply Vcc, and the 
other end. Resistance R4 is a starting resistance. 

[0025] Among these, the transistor Q2 of the NPN mold whose turn-off circuit 5 is 



the 3rd switching device by which the collector and the emitter were connected to 
the 1st gate and source of a switching device Q1 , respectively, It consists of the 
resistance R7 and the capacitors C3 which were connected, respectively 
between the series circuit which consists of diode D3 connected between the end 
of a feedback winding N3, and the base which is the control terminal of a 
transistor Q2, and resistance R6, and the base-emitter of a transistor Q2. 
[0026] Moreover, the transistor Q3 of the PNP mold whose "off" period control 
circuit 6 is the 2nd switching device by which the emitter and the collector were 
connected with the capacitor C2 at the gate of the 1st switching device Q1 , 
respectively, The photo transistor PT 1 connected between the base-collectors of 
a transistor Q3 It consists of resistance R8 connected between the capacitor C4 
connected between the base-emitters of a transistor Q3, and the base which is 
the control terminal of a transistor Q3 and the other end (gland) of DC power 
supply Vcc. The photo transistor PT 1 constitutes the photo coupler with the 
photodiode PD 1 of the output voltage detector 3. 

[0027] Thus, in the constituted switching power supply equipment 1 , if the 1st 
switching device Q1 which suited the ON state carries out a turn-off, a current will 
flow for the load connected to the output terminal Po through the rectifier circuit 2 
by the magnetic energy stored in Transformer T from the secondary winding N2. 
And after the current which flows to a rectifier circuit 2 disappears from a 
secondary winding N2, if the transistor Q3 of the "off" period control circuit 6 
turns on, the 1st switching device Q1 will carry out [ the gate voltage of the 1st 
switching device Q1 ] a turn-on exceeding a threshold by applying to the gate of 
the 1st switching device Q1 the electrical potential difference produced in the 
emitter of a transistor Q3. With the electrical potential difference of the forward 
direction (direction where diode D3 serves as forward bias) produced in the 
feedback winding N3 by it, a current flows into a capacitor C3 through diode D3 
and resistance R6, and a capacitor C3 is charged. The time constant of charge of 
a capacitor C3 is determined with the resistance of resistance R6 and resistance 
R7, and the capacity value of a capacitor C3. If the both-ends electrical potential 



difference of a capacitor C3 reaches a predetermined value by charge, in order 
for a transistor Q2 to turn on and to short-circuit between the gate-source of the 
1st switching device Q1, the 1st switching device Q1 will carry out a turn-off. A 
current can be supplied to a load with a predetermined electrical-potential- 
difference value from an output terminal Po by repeating this. 
[0028] In addition, since diode D3 is formed in the turn-off circuit 5, when the 1st 
switching device Q1 becomes off and the electrical potential difference of hard 
flow (direction where diode D3 serves as a reverse bias) occurs in a feedback 
winding N3, an electrical potential difference which charges in which direction is 
not impressed to a capacitor C3, either. Therefore, the charge charged by the 
capacitor C3 discharges through resistance R7, and the both-ends electrical 
potential difference of a capacitor C3 is set to 0V after fixed time amount. And 
since the initial value of the both-ends electrical potential difference of a capacitor 
C3 is 0V when the electrical potential difference from which diode D3 becomes a 
feedback winding N3 with forward bias occurs, time amount after the electrical 
potential difference from which the 1st switching device Q1 carries out a turn-on, 
and diode D3 serves as forward bias at a feedback winding N3 occurs until the 
both-ends electrical potential difference of a capacitor C3 reaches a 
predetermined value is always fixed. Therefore, a period ("on" period) after the 
1st switching device Q1 carries out a turn-on until it carries out a turn-off also 
becomes fixed. 

[0029] Next, actuation of the output voltage detector 3 and the "off" period control 
circuit 6 is explained. In the output voltage detector 3, since it connects with 
juxtaposition with the shunt regulator SR in the series connection circuit of zener 
diode D4, a photodiode PD 1 will emit light, if light is not emitted, but an electrical 
potential difference falls and a shunt regulator SR is turned off, when the 
electrical potential difference of an output terminal Po is high and a shunt 
regulator SR is in an ON state. If a photodiode PD 1 emits light, the photo 
transistor PT 1 of the "off 1 period control circuit 6 will flow. If a photo transistor PT 
1 flows, a transistor Q3 flows and it comes to be able to carry out the turn-on of 



the 1st switching device Q1. Conversely, if it says, between un-flowing, a turn-on 
will be delayed to a transistor Q3, and the 1st switching device Q1 cannot carry 
out the turn-on of it. Then, the period from which the turn-on of this 1st switching 
device Q1 is delayed is called turn-on delay period. 

[0030] It falls gradually as the electrical potential difference of an output terminal 
Po has the highest time of a current beginning to flow from a secondary winding 
N2 and the magnetic energy which a current flows and is stored in Transformer T 
decreases. Depending on the gravity of the load by which the speed to which an 
electrical potential difference falls is connected to an output terminal Po, an 
electrical potential difference falls late like the time of a light load. When the fall of 
the electrical potential difference of an output terminal Po is slow, luminescence 
of a photodiode PD 1 is also slow, the flow of a transistor Q3 also becomes slow, 
and the turn-on of the 1st switching device Q1 also becomes late. Therefore, the 
"off" period of the 1st switching device Q1 becomes long, and a switching 
frequency falls. 

[0031] Conversely, at the time of heavy loading, since a photodiode PD 1 emits 
light early in order for the electrical potential difference of an output terminal Po 
to fall early, and a transistor Q3 flows early, the turn-on of the 1st switching 
device Q1 becomes early. Therefore, the "off* period of the 1st switching device 
Q1 becomes short, and a switching frequency rises. 
[0032] The relation of the load power and the switching frequency in the 
switching power supply equipment 1 of this invention is shown in drawing 2 as 
compared with the case of the usual RCC method. It is shown that it is heavy 
loading that load power is large. The switching frequency is high, so that a 
switching frequency becomes low and the time of a light load is loading heavily 
by seting constant the "on" period of the 1 st switching device Q1 , and controlling 
a "off" period in switching power supply equipment 1, as shown in drawing 2 . 
Therefore, the switching loss at the time of a light load can be sharply reduced 
compared with the switching power supply equipment of the conventional RCC 
method. By this, the power consumption and calorific value at the time of a light 



load can be reduced. 

[0033] The circuit diagram of another example of the switching power supply 
equipment of this invention is shown in drawing 3 . In drawing 3 , the same 
notation is given to a part the same as that of drawing 1 , or equivalent, and the 
explanation is omitted. 

[0034] In drawing 3 , switching power supply equipment 10 is replaced with the 
control circuit 4 in the switching power supply equipment 1 of drawing 1 , and has 
the control circuit 1 1 . Moreover, it replaces with the turn-off circuit 5 in a control 
circuit 1 1 , and has the turn-off circuit 12. In the turn-off circuit 12, the diode D3 in 
the turn-off circuit 5 is excluded. 

[0035] Here, the Seki change is shown in drawing 4 at the time of the electrical 
potential difference Vn3 generated in the feedback winding N3 in switching 
power supply equipment 10, and the electrical potential difference Vbe between 
base emitters of a transistor Q2, and actuation of switching power supply 
equipment 10 is explained to it with reference to this. 
[0036] In switching power supply equipment 10, if the 1st switching device Q1 
carries out a turn-off and a current comes to flow from a secondary winding N2 to 
a rectifier circuit 2 when Vbe goes up and a transistor Q2 turns on with the 
electrical potential difference charged by the capacitor C3, the electrical potential 
difference Vn3 generated in a feedback winding N3 will become hard flow. It not 
only discharges the charge charged since the electrical potential difference of 
hard flow was impressed to a capacitor C3 by this even in it and a transistor Q2 
was turned on by it, but it charges to hard flow. That is, the electrical potential 
difference Vbe between base-emitters of a transistor Q2 becomes negative. In 
addition, a transistor Q2 is only turned on for a moment in order to carry out the 
turn-off of the 1st switching device Q1, and it becomes off immediately with the 
fall of the electrical potential difference Vbe between base-emitters. 
[0037] If the current from a secondary winding N2 to a rectifier circuit 2 is lost, the 
electrical potential difference of a feedback winding N3 will be converged to 0V, 
vibrating, the charge of a capacitor C3 will also discharge through resistance R7 



with it, and the both-ends electrical potential difference of the negative direction 
of a capacitor C3 will fall gently-sloping. That is, the electrical potential difference 
Vbe between base emitters of a transistor Q2 approaches OV gently-sloping. 
[0038] And if the electrical potential difference of an output terminal Po becomes 
below a predetermined value and the 1st switching device Q1 carries out a turn- 
on, the electrical potential difference Vn3 generated in a feedback winding N3 will 
serve as the forward direction, and charge of the forward direction of a capacitor 
C3 will start again. Since the charging time value of a capacitor C3 is long when 
a turn-on delay period until the 1st switching device Q1 carries out [ the load 
connected to the output terminal Po ] a turn-on with a light load at this time is 
long, the both-ends electrical potential difference of the negative direction of a 
capacitor C3 is small. On the contrary, since the charging time value of a 
capacitor C3 is short when a turn-on delay period until the 1st switching device 
Q1 carries out [ a load ] a turn-on by heavy loading is short, the both-ends 
electrical potential difference of the hard flow of a capacitor C3 is not not much 
small. 

[0039] When charging a capacitor C3 from this condition in the forward direction, 
time amount until it reaches a both-ends electrical potential difference 
predetermined in the forward direction becomes short, so that the electrical 
potential difference of the hard flow as initial value is small. Therefore, the both- 
ends electrical potential difference of a capacitor C3 becomes a predetermined 
value, and time amount until a transistor Q2 turns on and the 1st switching 
device Q1 carries out a turn-off becomes so long that it becomes so short that it 
becomes a light load and is loading heavily. This means the "on" period of the 1st 
switching device Q1 becoming so short that a load being light, and becoming so 
long that a load being heavy. That is, turn-off circuit 12 self will be equipped with 
the function of a "on" period extension circuit. 

[0040] Thus, in switching power supply equipment 10, the "off" period of the 1st 
switching device Q1 becomes long, a "on" period becomes short, so that a load 
is light, the "off" period of the 1st switching device Q1 becomes short, and a "on" 



period becomes long, so that a load is heavy. However, the point that a switching 
frequency becomes high is so the same as the case of switching power supply 
equipment 1 that a switching frequency becomes low and, as for the "on" period 
of the 1st switching device Q1, the time of a light load is loading heavily, since it 
is short compared with a "off 1 period. Therefore, the switching loss at the time of 
a light load can be sharply reduced compared with the switching power supply 
equipment of the conventional RCC method, and the power consumption and 
calorific value at the time of a light load can be reduced. 
[0041] Moreover, in switching power supply equipment 10, the "on" period of the 
1st switching device Q1 is dependent on the time constant of resistance R6, 
resistance R7, and a capacitor C3. That is, the stage of the turn-off of the 1st 
switching device Q1 is determined when the electrical potential difference of a 
capacitor C3 reaches the ON state voltage of a transistor Q2. By the way, if a 
load becomes large beyond the need, output voltage will begin to decline. If 
output voltage declines, in order that the amount of discharge of C3 may 
decrease, a "on" period decreases. Therefore, a "on" period is shortened by 
heavy loading more than extent to which an overcurrent flows, so that a load 
becomes heavy, and the overcurrent protection of the character of "FIT works. 
[0042] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 5 . In drawing 5 , 
the same notation is given to a part the same as that of drawing 3 , or equivalent, 
and the explanation is omitted. 

[0043] In drawing 5 , switching power supply equipment 20 is replaced with the 
control circuit 11 which can set drawing 3 switching power supply equipment 10, 
and has the control circuit 21. Moreover, it replaces with the "off' period control 
circuit 6 in a control circuit 21, and has the "off" period control circuit 22. 
[0044] The transistor Q3 of the PNP mold whose "off" period control circuit 22 is 
the 2nd switching device by which the emitter and the collector were connected 
with the capacitor C2 at the gate of the 1st switching device Q1 , respectively, 
The resistance R9 connected with the transistor Q4 of the NPN mold which 



connected the emitter to the gland, and the base of a transistor Q3 between the 
collectors of a transistor Q4, Photo transistors PT 1 connected to juxtaposition 
are consisted of by the series circuit of the resistance R10 connected between 
the emitter of a transistor Q3, and the base of a transistor Q4, and resistance 
R1 1 , and resistance R1 1 . 

[0045] Thus, when a current flows into the base through this and resistance R1 1 , 
a transistor Q4 turns on, and a transistor Q3 turns on and it comes for the photo 
transistor PT 1 of the "off" period control circuit 22 to flow, and to be able to carry 
out the turn-on of the 1st switching device Q1 by it in the constituted switching 
power supply equipment 20, if the electrical potential difference of an output 
terminal Po falls and the photodiode PD 1 of the output voltage detector 3 emits 
light. In addition, R10 is a starting resistance for turning on a transistor Q4 at the 
time of starting. 

[0046] Like the case of the switching power supply equipment 10 shown in 
drawing 3 , at the time of a light load, luminescence of a photodiode PD 1 is slow, 
the flow of a transistor Q3 also becomes slow, and the turn-on of the 1st 
switching device Q1 also becomes late. Therefore, the "on" period of the 1st 
switching device Q1 becomes short, a "off 1 period becomes long more than it, 
and a switching frequency falls. Conversely, since a photodiode PD 1 emits light 
early at the time of heavy loading and a transistor Q3 flows early, the turn-on of 
the 1st switching device Q1 becomes early. Therefore, the "on" period of the 1st 
switching device Q1 becomes long, a "off" period becomes short more than it, 
and a switching frequency rises. 

[0047] Thus, in switching power supply equipment 20, like switching power 
supply equipment 1 or the case of 10, by controlling the "off" period of the 1st 
switching device Q1, the switching frequency is high, so that a switching 
frequency becomes low and the time of a light load is loading heavily. Therefore, 
the switching loss at the time of a light load can be sharply reduced compared 
with the switching power supply equipment of the conventional RCC method. By 
this, the power consumption and calorific value at the time of a light load can be 



reduced. 

[0048] Moreover, compared with drawing 1 R> 1 , the switching power supply 
equipment 1 of drawing 3 , or 10, the turn-on of a transistor Q3 and speedup of a 
turn-off can be aimed at by forming a transistor Q4 between the base of a 
transistor Q3, and a gland. 

[0049] That is, since speed is decided by the amount of charges in which the 
turn-on of the 1st switching device Q1 is charged by per unit time amount at the 
gate, the turn-on of the 1st switching device Q1 becomes early, so that the turn- 
on of a transistor Q3 is quick. However, the standup of a photo transistor PT 1 
and falling time amount have the long period when a transistor Q3 operates in 
switching power supply equipment 1 or 10 in an active region since it is very long 
compared with a general transistor, and the switching loss of Q1 becomes large. 
On the other hand, with switching power supply equipment 20, although a 
transistor Q4 has the long time amount which operates in an active region, a 
transistor Q3 becomes short and can reduce switching loss of the 1st switching 
device Q1 . 

[0050] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 6 . In drawing 6 , 
the same notation is given to a part the same as that of drawing 5 , or equivalent, 
and the explanation is omitted. 

[0051] In drawing 6 , switching power supply equipment 30 is replaced with the 
output voltage detector 3 which can set drawing 5 switching power supply 
equipment 20, and has the output voltage detector 31 . Moreover, it replaces with 
a control circuit 21 and has the control circuit 32. Furthermore, in the control 
circuit 32, while the resistance R5 which it had is excluded, resistance R21 is 
connected between the gate sources of the 1st switching device Q1, and it 
replaces with the "off 1 period control circuit 22 further, and has the "off' period 
control circuit 33 in the control circuit 21. In addition, resistance R5 and 
resistance R21 are for preventing that an excessive current is flowed and 
damaged to the 1st switching device as the 1st switching device does not 



perform switching operation, when the output voltage of DC power supply Vcc 
declines. 

[0052] The output voltage detector 31 excludes the diode D2 in the output 
voltage detector 3, and zener diode D4, connects a photodiode PD 1 to a serial 
between resistance R1 and a shunt regulator SR, and is constituted. 
[0053] The transistor Q3 of the PNP mold whose "off* period control circuit 33 is 
the 2nd switching device by which the emitter and the collector were connected 
with the capacitor C2 at the gate of the 1st switching device Q1, respectively, 
The resistance R9 connected with the transistor Q4 of the NPN mold which 
connected the emitter to the gland, and the base of a transistor Q3 between the 
collectors of a transistor Q4, The capacitor C6 connected between the emitter- 
bases of a transistor Q3, It consists of resistance R13 connected between the 
end (end of a primary winding N1) of DC power supply Vcc, and the base of a 
transistor Q4, and a photo transistor PT 1 connected between the base-emitters 
of a transistor Q4. 

[0054] Thus, in the constituted switching power supply equipment 30, a fall of the 
electrical potential difference of an output terminal Po stops luminescence of the 
photodiode PD 1 of the output voltage detector 31 . Since the flow of the photo 
transistor PT 1 of the "off" period control circuit 33 is intercepted by this, a 
transistor Q4 flows, the base electrical potential difference of a transistor Q3 falls 
and turns on, and it comes to be able to carry out the turn-on of the 1st switching 
device Q1 according to the current which flows into the base through resistance 
R13. 

[0055] On the other hand, if the 1st switching device Q1 turns off when a 
transistor Q2 turns on, the electrical potential difference of hard flow will occur in 
a feedback winding N3, a capacitor C6 will be made to discharge, and a 
transistor Q3 will be turned OFF. In order that a secondary electric power supply 
may start and the terminal voltage of a transformer may be reversed with the 
turn-off of the 1st switching device Q1, a forward electrical potential difference 
cannot be supplied to the gate of the 1st switching device Q1 , but it stops 



furthermore, being able to carry out the turn-on of the 1st switching device Q1 . 
[0056] Contrary to the case of the switching power supply equipments 1,10, and 
20 shown in drawing 1 , drawing 4 , and drawing 5 , a luminescence halt of a 
photodiode PD 1 becomes slow at the time of a light load. Therefore, the flow of 
a transistor Q3 also becomes slow and the turn-on of the 1st switching device Q1 
also becomes late. Therefore, the "off 1 period of the 1st switching device Q1 
becomes long, and a switching frequency falls. Conversely, since a photodiode 
PD 1 carries out a luminescence halt early at the time of heavy loading and a 
transistor Q3 flows early, the turn-on of the 1st switching device Q1 becomes 
early. By this, the "off 1 period of the 1st switching device Q1 becomes short, and 
a switching frequency rises. 

[0057] Thus, in switching power supply equipment 30, like the case of switching 
power supply equipment 1 , 10, or 20, by controlling the "off" period of the 1st 
switching device, the switching frequency is high, so that a switching frequency 
becomes low and the time of a light load is loading heavily. Therefore, the 
switching loss at the time of a light load can be sharply reduced compared with 
the switching power supply equipment of the conventional RCC method. By this, 
the power consumption and calorific value at the time of a light load can be 
reduced. 

[0058] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 7 . In drawing 7 , 
the same notation is given to a part the same as that of drawing 5 , or equivalent, 
and the explanation is omitted. 

[0059] In drawing 7 , switching power supply equipment 40 is replaced with the 
control circuit 21 which can set drawing 5 switching power supply equipment 20, 
and has the control circuit 41. Moreover, in the control circuit 41, while the 
resistance R5 which it had is excluded, resistance R21 is connected between the 
gate sources of the 1st switching device Q1 like the case of the switching power 
supply equipment 30 of drawing 6 , and it replaces with the "off' period control 
circuit 22 further, and has the "off" period control circuit 42 and the electrical- 



potential-difference supply circuit 43 in the control circuit 21. 
[0060] The transistor Q3 of the PNP mold whose "off' period control circuit 42 is 
the 2nd switching device by which the emitter and the collector were connected 
with the capacitor C2 at the gate of the 1st switching device Q1 , respectively, 
The resistance R9 connected with the transistor Q4 of the NPN mold which 
connected the emitter to the gland, and the base of a transistor Q3 between the 
collectors of a transistor Q4, It consists of resistance R1 1 connected between the 
emitter of a transistor Q3, and the base of a transistor Q4, and resistance R12 
connected between the emitter of a photo transistor PT 1 and a photo transistor 
PT 1 , and the base of a transistor Q4. 

[0061] The electrical-potential-difference supply circuit 43 consists of series 
circuits of the diode D6 connected between the end of a feedback winding N3, 
and the other end, and a capacitor C7. The node of diode D6 and a capacitor C7 
is connected to the collector of the photo transistor PT 1 of the "off 1 period control 
circuit 42. That is, the electrical-potential-difference supply circuit 43 supplies 
control voltage to the "off" period control circuit 42. In addition, since it is the 
driver voltage for the photo transistor PT 1 which receives the feedback signal 
from [ from the electrical-potential-difference supply circuit 43 ] not an electrical 
potential difference but an output voltage detector for the electrical potential 
difference supplied to drive the whole "off" period control circuit 42, an 
expression called the control voltage for the "off" period control circuit 42 is used 
here. 

[0062] Thus, in the constituted switching power supply equipment 40, when the 
1st switching device Q1 turns on, a capacitor C7 is charged with the electrical 
potential difference of the forward direction generated in a feedback winding N3. 
And if the electrical potential difference of an output terminal Po falls and the 
photodiode PD 1 of the output voltage detector 3 emits light, since the photo 
transistor PT 1 of the "off 1 period control circuit 42 will flow, a transistor Q4 turns 
on according to the current which flows into the base through a photo transistor 
PT 1 and resistance R12 from a capacitor C7, and a transistor Q3 turns on and it 



comes to be able to carry out the turn-on of the 1st switching device Q1 by it. 
[0063] Like the case of the switching power supply equipments 1,10, and 20 
shown in drawing 1 , drawing 3 , and drawing 5 , at the time of a light load, 
luminescence of a photodiode PD 1 is slow, the flow of a transistor Q3 also 
becomes slow, and the turn-on of the 1st switching device Q1 also becomes late. 
Therefore, the "off 1 period of the 1st switching device Q1 becomes long, and a 
switching frequency falls. Conversely, since a photodiode PD 1 emits light early 
at the time of heavy loading and a transistor Q3 flows early, the turn-on of the 1st 
switching device Q1 becomes early. Therefore, the "off" period of the 1st 
switching device Q1 becomes short, and a switching frequency rises. 
[0064] Moreover, since the current passed to a photodiode PT 1 is supplied from 
the electrical-potential-difference supply circuit 43 unlike the case of the 
switching power supply equipment 20 shown in drawing 5 , also in the ringing at 
the time of heavy loading, a transistor Q4 can be turned on with the current 
stabilized (while the both-ends electrical potential difference of a feedback 
winding N3 is vibrating), and malfunction can be prevented. 
[0065] Thus, in switching power supply equipment 40, like the case of switching 
power supply equipment 1 , 10, or 20, by controlling the "off 1 period of the 1st 
switching device, the switching frequency is high, so that a switching frequency 
becomes low and the time of a light load is loading heavily. Therefore, the 
switching loss at the time of a light load can be sharply reduced compared with 
the switching power supply equipment of the conventional RCC method. By this, 
the power consumption and calorific value at the time of a light load can be 
reduced. 

[0066] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 8 . In drawing 8 , 
the same notation is given to a part the same as that of drawing 1 , or equivalent, 
and the explanation is omitted. 

[0067] In drawing 8 , switching power supply equipment 50 is replaced with the 
output voltage detector 3 which can set drawing 1 switching power supply 



equipment 1, and has the output voltage detector 51 . In the output voltage 
detector 51 , the negative feedback circuit 52 which consists of a series circuit of 
resistance R14 and a capacitor C8 between the nodes of the resistance R1 , a 
shunt regulator's SR node and resistance R2 in the output voltage detector 3, 
and resistance R3 is connected. The time constant circuit is constituted by the 
capacitor C4 and the photo transistor PT 1. Moreover, the capacity is enlarged in 
order to use the capacitor C4 of the "off' period control circuit 6 as a capacitor of 
a time constant. 

[0068] Thus, in the constituted switching power supply equipment 50, the 1st 
switching device Q1 carries out a turn-off, since the negative feedback circuit 52 
is located in the output voltage detector 51 in the situation that the electrical 
potential difference of an output terminal Po rises when a current flows out of a 
secondary winding N2 into a rectifier circuit 2, the current which flows to a 
photodiode PD 1 does not decrease rapidly, and a photo transistor PT 1 always 
operates in an active region. Therefore, the electrical potential difference 
between terminals of the capacitor C4 which constitutes a time constant circuit 
rises gradually, a transistor Q3 turns it on after fixed time amount, and the 1st 
switching device Q1 carries out a turn-on further. 

[0069] That is, ON / OFF of a photodiode PD 1, as a result a switching frequency 
are decided by switching power supply equipment 50 with the time constant of 
the negative feedback circuit 52 to that (the output ripple could not but decide the 
switching frequency to become a desired value) with which it was dependent on 
change (output ripple) of the electrical potential difference of an output terminal 
Po as it is with switching power supply equipment 1, the photodiode PD 1 turned 
on / turned off, and it was decided that a switching frequency would be. 
Therefore, an output ripple and a switching frequency can be set as arbitration, 
respectively. 

[0070] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 9 . In drawing 9 , 
the same notation is given to a part the same as that of drawing 6 , or equivalent, 



and the explanation is omitted. 

[0071] In drawing 9 , switching power supply equipment 60 is replaced with the 
output voltage detector 31 which can set drawing 6 switching power supply 
equipment 30, and has the output voltage detector 61. In the output voltage 
detector 61 , the negative feedback circuit 62 which consists of a series circuit of 
resistance R15 and a capacitor C9 between the nodes of the photodiode PD 1, a 
shunt regulator's SR node and resistance R2 in the output voltage detector 31, 
and resistance R3 is connected. Moreover, it replaces with the control circuit 32 
in switching power supply equipment 30, and has the control circuit 63. Moreover, 
in the control circuit 63, it replaces with the "off 1 period control circuit 33, and has 
the "off" period control circuit 64. In the "off 1 period control circuit 64, the 
capacitor C10 for constituting a time constant circuit with resistance R13 and a 
photo transistor PT 1 is formed in juxtaposition at the photo transistor PT 1 . 
[0072] Thus, in the constituted switching power supply equipment 60, the 1st 
switching device Q1 carries out a turn-off, since the negative feedback circuit 62 
is located in the output voltage detector 61 in the situation that the electrical 
potential difference of an output terminal Po rises when a current flows out of a 
secondary winding N2 into a rectifier circuit 2, the current which flows to a 
photodiode PD 1 does not decrease rapidly, and a photo transistor PT 1 always 
operates in an active region. Therefore, the electrical potential difference 
between terminals of the capacitor C10 which constitutes a time constant circuit 
rises gradually, a transistor Q4 turns it on after fixed time amount, a transistor Q3 
turns it on, and the 1st switching device Q1 carries out a turn-on further. 
[0073] That is, ON / OFF of a photodiode PD 1, as a result a switching frequency 
are decided by switching power supply equipment 60 with the time constant of 
the negative feedback circuit 62 to that (the output ripple could not but decide the 
switching frequency to become a desired value) with which it was dependent on 
change (output ripple) of the electrical potential difference of an output terminal 
Po as it is with switching power supply equipment 30, the photodiode PD 1 
turned on / turned off, and it was decided that a switching frequency would be. 



Therefore, an output ripple and a switching frequency can be set as arbitration, 
respectively. 

[0074] Moreover, when a photo transistor PT 1 is a high impedance, in order that 
a photodiode PD 1 does not emit light, but the 1st switching device Q1 may carry 
out a turn-on, there is also a merit that a bootstrap circuit can be constituted 
easily. 

[0075] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 10 . In drawing 10 , 
the same notation is given to a part the same as that of drawing 9 , or equivalent, 
and the explanation is omitted. 

[0076] In drawing 10 , switching power supply equipment 80 is replaced with the 
control circuit 63 in the switching power supply equipment 60 of drawing 9 , and 
has the control circuit 81. Moreover, in the control circuit 81, it replaces with the 
"off" period control circuit 64, and has the "off" period control circuit 82. And 
resistance R4 is deleted. 

[0077] In the "off" period control circuit 82, the transistor Q8 of an NPN mold is 
formed as the 2nd switching device. The collector of a transistor Q8 is connected 
to a capacitor C2, an emitter is connected to the gate of the 1st switching device 
Q1, and the base is connected to the end of DC power supply Vcc through 
resistance R20. Moreover, the collector of a transistor Q4 is connected to the 
base of a transistor Q9, the collector of a transistor Q9 is connected to the base 
of a transistor Q8, and the emitter is connected to the other end of DC power 
supply Vcc. The base of a transistor Q9 is connected to the end of DC power 
supply Vcc through resistance R19 at the other end of DC power supply Vcc 
through resistance R18, respectively. And the base of a transistor Q8 is 
connected to the other end of DC power supply Vcc through zener diode D8. 
[0078] By comparing with the switching power supply equipment 60 of drawing 9 
which uses the transistor of an PNP mold as the 2nd switching device hereafter 
explains the operation effectiveness of switching power supply equipment 80. 
[0079] First, in switching power supply equipment 60, starting conditions are as 



the following formula. 
vccxra/(r4+ra) > Vth (Q1) 

Among these, for vcc, the electrical potential difference of DC power supply Vcc 
and ra are [ the resistance of resistance R4 and Vth (Q1) of the parallel 
resistance value of resistance R9 and R21 and r4 ] the threshold electrical 
potential differences of the 1st switching element Q1. In addition, the voltage 
drop in transistors Q3 and Q4 is disregarded. 

[0080] Here, the value of resistance R9 influences the switching rate of a 
transistor Q3, the base current of a transistor Q3 becomes small, its current 
amount of supply to the gate of the 1st switching device Q1 also decreases by it, 
so that this is large, and the switching speed of the 1st switching device Q1 
becomes slow. Since switching loss will increase if the switching speed of the 1st 
switching device Q1 becomes slow, the value of resistance R9 is not made not 
much greatly. And unless it can enlarge the value of resistance R9, in order to 
fulfill starting conditions, the value of resistance R4 cannot be enlarged, either. 
Since resistance R4 is a starting resistance, that this value cannot be enlarged 
means that loss by resistance R4 cannot be made small. 
[0081] On the other hand, in the case of switching power supply equipment 80 
using the transistor Q8 of an NPN mold as the 2nd switching device, starting 
conditions become like the following formula. 
vccxr21/(r20+r21) > Vth (Q1) 
Among these, r21 is the resistance of resistance R21. 

[0082] In this case, since R21 is resistance for preventing that the 1st switching 
device Q1 carries out switching operation when the output voltage of DC power 
supply Vcc declines, it can make resistance high and can also make the 
resistance of resistance R4 high according to it. Consequently, loss by resistance 
R4 can be made small. 

[0083] Thus, in switching power supply equipment 80, reduction of loss can be 
aimed at by using the transistor Q8 of an NPN mold as the 2nd switching device. 
[0084] In addition, although switching power supply equipment 80 uses the 



transistor of an NPN mold for the 2nd switching device in switching power supply 
equipment 60, it does so the operation effectiveness with the same said of what 
used the transistor of an NPN mold for the 2nd switching device in the switching 
power supply equipments 1,10, 20, 40, 50, and 60 shown in drawing 1 , drawing 
3 R> 3, drawing 5 , drawing 7 - drawing 9 . 

[0085] By the way, in the switching power supply equipment 80 of drawing 10 , 
zener diode D8 is connected between the bases of a transistor Q8 and the other 
ends of DC power supply Vcc which are the 2nd switching device. This zener 
diode D8 constitutes the limit circuit with the transistor Q8, and it has restricted it 
so that the gate voltage (control voltage) of the 1st switching device Q1 may not 
exceed the predetermined range by this. That is, the gate voltage of the 1st 
switching device Q1 is Vgs(Q1) =Vz(D8)-Vbe (Q8) at the maximum. 
It is alike and is restricted. Here, Vgs (Q1) is [ the zener voltage of zener diode 
D8 and Vbe (Q8) of the electrical potential difference between the gate sources 
of the 1st switching device Q1 and Vz (D8) ] the electrical potential differences 
between base emitters of a transistor Q8. Therefore, when the range of input 
voltage like a worldwide input is wide, it can prevent that the control voltage of 
the 1st switching element exceeds the predetermined range. 
[0086] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 1 1 . In drawing 1 1 , 
the same notation is given to a part the same as that of drawing 9 , or equivalent, 
and the explanation is omitted. 

[0087] In drawing 1 1 , switching power supply equipment 65 is replaced with the 
control circuit 63 in the switching power supply equipment 60 of drawing 9 , and 
has the control circuit 66. And in the control circuit 66, it replaced with the "off" 

* 

period control circuit 64, the "off' period control circuit 67 was replaced with the 
turn-off circuit 12, and it has the turn-off circuit 68. The changed part from the 
"off' period control circuit 64 of the "off' period control circuit 67 and the turn-off 
circuit 68 and the turn-off circuit 12 is only that the emitter of the photo transistor 
PT 1 of the "off' period control circuit 67 is connected to the base of the transistor 



Q2 of the turn-off circuit 68. 

[0088] Thus, actuation of the constituted switching power supply equipment 65 is 
explained below. 

[0089] First, the 1st switching device Q1 carries out a turn-off, and while the 
electrical potential difference between terminals of the capacitor 10 which 
constitutes a time constant circuit is rising gradually, the current which flows a 
photo transistor PT 1 turns into the charging current of the forward direction of 
the capacitor C3 connected to the base of a transistor Q2. That is, it is 
constituted so that the timing which performs the turn-off of the turn-off circuit 68 
at the "off' period of the 1st switching device Q1 based on the feedback signal 
from the output voltage detector 61 may be brought forward. 
[0090] The fall of output voltage is so slow that it is a light load, since there are 
many currents which flow to a photodiode PD 1 , the resistance of a photo 
transistor PT 1 is small, there is little charging current of a capacitor C10, and 
there is much charging current of the capacitor C3 which minds a photo transistor 
PT 1 conversely, therefore, while the 1st switching device Q1 is off, until charge 
of the capacitor C3 is carried out to some extent. And if charge of a capacitor 
C10 progresses and the electrical potential difference between terminals rises to 
a predetermined value, a transistor Q4 turns on, a transistor Q3 turns on, and the 
1st switching device Q1 carries out a turn-on further, if the 1st switching device 
Q1 is turned on, a capacitor C3 will be charged according to the current which 
flows in through resistance R6 from a feedback winding N3, but since until 
charge of the capacitor C3 has already been carried out to some extent, the 
electrical potential difference between terminals of a capacitor C3 reaches the 
level which makes a transistor Q2 turn on immediately, a transistor Q2 turns it on, 
and the 1st switching device Q1 carries out a turn-off. Thus, since a capacitor C3 
is charged according to the current which flows a photo transistor PT 1 when the 
1st switching device Q1 is OFF at the time of a light load, the timing which 
performs the turn-off of the turn-off circuit 68 is brought forward, and the "on" 
period of the 1st switching device Q1 is shortened. Thus, at the time of a light 



load, the "off 1 period of the 1st switching device Q1 becomes long, and a "on" 
period becomes short conversely. 

[0091] On the other hand, at the time of a rated load, since the current which 
flows to a photodiode PD 1 decreases, the resistance of a photo transistor PT 1 
becomes somewhat large, the charging current of a capacitor C10 increases, 
and the charging current of the capacitor C3 which minds a photo transistor PT 1 
conversely decreases. Therefore, the "off 1 period of the 1st switching device Q1 
is shortened, and a "on" period becomes long conversely. 
[0092] And since a current hardly flows to a photodiode PD 1 , the resistance of a 
photo transistor PT 1 becomes quite large, as the result, at the time of heavy 
loading, a capacitor C10 will be kept almost constant, and transistors Q4 and Q3 
will always be in an ON state at it. Moreover, most currents which charge a 
capacitor C3 through a photo transistor PT 1 are lost. In this condition, if the 
magnetic energy stored in Transformer T finishes flowing out of a secondary 
winding N2 as a current in order that the "off" period control circuit 67 may not 
operate substantially, with the kick electrical potential difference generated in a 
feedback winding N3, the 1st switching device Q1 will carry out a turn-on, and a 
current will begin to flow to a primary winding N1. Namely, at the time of heavy 
loading, it comes to operate in current criticality mode like the switching power 
supply equipment of the usual RCC method. 

[0093] As mentioned above', in switching power supply equipment 65, while 
controlling a "off 1 period at the time of a light load, control of a "on" period can 
also be performed. Moreover, since it can be made to operate in current criticality 
mode at the time of heavy loading, compared with switching power supply 
equipment like switching power supply equipment 60 which always operates in 
current discontinuity mode, the current peak in the period when only a part 
without the idle period of a current flows a current can be controlled, since, as for 
the loss inside switching power supply equipment, the direction of flow loss 
[ switching loss ] becomes dominant at the time of heavy loading - the time of 
heavy loading being alike - switching power supply equipment 65 of loss 



becomes less than switching power supply equipment 60. 
[0094] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 12 . In drawing 12 , 
the same notation is given to a part the same as that of drawing 10 , or 
equivalent, and the explanation is omitted. 

[0095] Switching power supply equipment 90 is equipped with the constant- 
voltage regulator 91 and direct current voltage supply 92 in drawing 12 . drawing 
12 - setting - an A point - the end (end of a primary winding N1) of DC power 
supply Vcc - in the B point, C point means the other end (the other end of a 
feedback winding N3, gland) of DC power supply Vcc, and D point means the 
node of resistance R13, R18, and R20 for the end of a feedback winding N3. In 
addition, in drawing 10 , D point is connected at the A point. 
[0096] First, the constant-voltage regulator 91 consists of resistance R21 and 
R22, a transistor Q10, zener diode D9, and diode D10. The collector of a 
transistor Q10 is connected through resistance R21 at an A point, the base is 
connected to C point through zener diode D9, and the emitter is connected to D 
point through diode D10. The base of a transistor Q10 is connected through 
resistance R22 also at the A point. Thus, by constituting, the base electrical 
potential difference of a transistor Q10 is constant-voltage-ized by the zener 
voltage of zener diode D9, and, as a result, the emitter of a transistor Q10 is 
constant-voltage-ized by the value lower about 0.6v than the base. 
[0097] On the other hand, direct current voltage supply 92 are the rectifier circuits 
which consisted of diode D1 1 and a capacitor C1 1 , and what rectified the 
electrical potential difference generated in a feedback winding N3 appears in the 
cathode of diode D11. 

[0098] And the emitter of the transistor Q10 of the constant-voltage regulator 91 
is connected to D point while connecting with the cathode of the diode 1 1 of 
direct current voltage supply 92 through diode D10. 

[0099] In switching power supply equipment 90, since the electrical potential 
difference has not occurred in a feedback winding N3 at a power up, direct 



current voltage supply 92 do not function, but the electrical potential difference 
constant-voltage-ized by the constant-voltage regulator 91 is supplied to D point 
through diode D10. And if an electrical potential difference occurs in a feedback 
winding N3 and direct current voltage supply 92 begin to function on it, since the 
cathode electrical potential difference of diode D11 will become higher than the 
emitter electrical potential difference of a transistor Q10, the output voltage of 
direct current voltage supply 92 is supplied to D point. The current supplied to D 
point from the constant-voltage regulator 91 is intercepted. That is, diode D10 
achieves the function to prevent that a current flows backwards from direct 
current voltage supply 92 to the constantrvoltage regulator 91 . 
[0100] Thus, in the constituted switching power supply equipment 90, the 
electrical potential difference from the direct current voltage supply 92 with an 
electrical-potential-difference value lower than DC power supply Vcc is 
impressed to the resistance R18 which is a starting resistance in addition to a 
power up. Therefore, compared with the case where a direct electrical potential 
difference is impressed, power consumption can be reduced from DC power 
supply Vcc. 

[0101] In addition, the configuration using such a constant-voltage regulator and 
direct current voltage supply can be applied also in which the above-mentioned 
example, and does so the same operation effectiveness as the case of switching 
power supply equipment 90. 

[0102] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 13 . In drawing 13 , 
the same notation is given to a part the same as that of drawing 6 and drawing 9 , 
or equivalent, and the explanation is omitted. 

[0103] In drawing 13 , switching power supply equipment 70 is replaced with the 
control circuit 32 in the switching power supply equipment 30 of drawing 6 , 
replaces a control circuit 71 with the output voltage detector 31, and has the 
output voltage detector 61 . 

[0104] In the control circuit 71, it consists of resistance R16 and R17, capacitors 



C11, C12, and C13, a current source Ic, operational amplifiers Q5 and Q6, the 
sources Vrefl and Vref2 of reference voltage, the transistor Q7, RS flip flop 72, a 
drive stage 73, and a photo transistor PT 1. 

[0105] Here, the series circuit which consists of resistance R16 and a capacitor 
C1 1 is connected between the ends and the other ends of a feedback winding 
N3. Similarly the rectifier circuit which consists of diode D7 and a capacitor C12 
is connected between the ends and the other ends of a feedback winding N3, 
and the output serves as a power source of each component of the control circuit 
71 including the drive stage 73. Resistance R16, the node of a capacitor C1 1 , 
and the source Vrefl of reference voltage are connected to the non-inversed 
input terminal and inversed input terminal of an operational amplifier Q5, 
respectively. The current source Ic and the source Vref2 of reference voltage are 
connected to the non-inversed input terminal and inversed input terminal of an 
operational amplifier Q6, respectively. The output of operational amplifiers Q5 
and Q6 is connected to R terminal and the switch terminal of RS flip flop 72, 
respectively. Q terminal of RS flip flop 72 is connected to the gate of the 1st 
switching device Q1 through the drive stage 73. The collector of a transistor Q7 
is connected to a current source Ic, an emitter is grounded and the base is 
connected to the output terminal of an operational amplifier Q5 through 
resistance R17. Furthermore, the collector of a photo transistor PT 1 is 
connected to a current source Ic, an emitter is grounded and the capacitor C13 is 
connected between collector emitters. 

[0106] In addition, it integrates and resistance R17, a capacitor C13, a current 
source Ic, operational amplifiers Q5 and Q6, the sources Vrefl and Vref2 of 
reference voltage, the transistor Q7, RS flip flop 72, and the drive stage 73 serve 
as IC74. 

[0107] Here, the Seki change is shown in drawing 14 at the time of the electrical 
potential difference Vn3 generated in the feedback winding N3 in switching 
power supply equipment 70, the electrical potential difference Vtrig inputted into 
the non-inversed input terminal of an operational amplifier Q5 and the electrical 



potential difference Vfb inputted into the non-inversed input terminal of an 
operational amplifier Q6, and the gate voltage Vg of the 1st switching device Q1, 
and actuation of switching power supply equipment 70 is explained to it with 
reference to this. 

[0108] In switching power supply equipment 70, if Vfb amounts to Vref2, RS flip 
flop 72 will be set, Vg will be set to H level, and the 1st switching device Q1 will 
carry out a turn-on (tO). 

[0109] If the 1st switching device Q1 carries out a turn-on, the electrical potential 
difference of the forward direction will occur in a feedback winding N3, a 
capacitor C1 1 is charged by it and Vtrig goes up by it. If Vtrig amounts to Vrefl , 
RS flip flop 72 will be reset, Vg will be set to L level, and the 1st switching device 
Q1 will carry out a turn-off (t1). At this time, time amount until Vtrig reaches Vref 
becomes so long that Vtrig at the tO time is low. Moreover, Vfb is set to 0V when 
a transistor Q7 turns on. 

[0110] If the 1st switching device Q1 carries out a turn-off, a current will begin to 
flow to secondary, by it, the electrical potential difference of an output terminal Po 
rises, and a photodiode PD 1 emits light. In order for the electrical potential 
difference of hard flow to occur in a feedback winding N3 at coincidence, to 
discharge a capacitor C1 1 and to charge hard flow further, Vtrig becomes a 
negative electrical potential difference. 

[01 1 1] moreover, the current which flows to secondary -- being lost (t2) - the 
electrical potential difference of a feedback winding N3 begins a ringing. Vfb 
begins a rise again to coincidence, and when Vref2 is reached, return and this 
are repeated to tO. At this time, the inclination of a rise of Vfb is decided by the 
photo transistor PT 1 . If a load is light, since the photodiode PD 1 of the amount 
of luminescence increases in number, the rise of Vfb will also become slow, the 
"off 1 period of the 1st switching device Q1 will also become long, and a switching 
frequency will fall. 

[0112] In addition, if the "off' period of Vtrig of the 1st switching device Q1 is long 
in order to carry out the same work as the base electrical potential difference of 



the transistor Q2 in the switching power supply equipment 30 shown in drawing 
6 , in order for Vtrig to go up and to approach 0V, the "on" period of the 1st 
switching device Q1 becomes short. 

[01 13] The perspective view of one example of the electronic instrument of this 
invention is shown in drawing 15 . In drawing 15 , the printer 100 which is one of 
the electronic instruments is using the switching power supply equipment 1 of 
this invention as a part of power circuit. 

[0114] Although the part about printing actuation of a printer 100 consumes 
power at the time of printing, it hardly consumes power at the time of the standby 
which does not carry out printing actuation. And since the switching power supply 
equipment 1 of this invention is used, the power loss at the time of standby can 
be reduced, and improvement in effectiveness can be aimed at. 
[01 15] In addition, although the switching power supply equipment 1 shown in 
drawing 1 in the printer 100 shown in drawing 15 was used, the switching power 
supply equipments 10, 20, 30, 40, 50, 60, 65, 70, 80, and 90 shown in drawing 3 
or drawing 5 thru/or drawing 13 may be used, and the same operation 
effectiveness is done so. 

[0116] Moreover, the electronic instrument of this invention is not restricted to a 
printer, and contains all the electronic instruments that need DC power supply 
with a stable electrical potential difference for a notebook computer, a portable 
information device, etc. 
[0117] 

[Effect of the Invention] The turn-off circuit which carries out the turn-off of the 1st 
switching device of an ON state according to the switching power supply 
equipment of this invention, It has the control circuit which has the "off 1 period 
control circuit delayed so greatly that it becomes a light load about the turn-on of 
the 1st switching device based on the feedback signal from an output voltage 
detector. And by preparing a "off" period control circuit between a feedback 
winding and the control terminal of the 1st switching device at a serial, and 
having the 2nd switching device by which on-off control is carried out based on 



the feedback signal from an output voltage detector The time of a light load can 
reduce a switching frequency, and can reduce the power consumption at the time 
of a light load. 

[0118] Moreover, according to the electronic instrument of this invention, 
improvement in effectiveness can be aimed at by using the switching power 
supply equipment of this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing one example of the switching power 
supply equipment of this invention. 

[Drawing 2] It is the property Fig. showing the relation of the load power and the 
switching frequency in the switching power supply equipment of drawing 1 . 
[Drawing 3] It is the circuit diagram showing another example of the switching 
power supply equipment of this invention. 

[Drawing 4] It is the wave form chart showing time amount change of the 
electrical potential difference of each part in the switching power supply 
equipment of drawing 3 . 



[Drawing 5] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 
[Drawing 6] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 

[Drawing 7] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 

[Drawing 8] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 

[Drawing 9] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 

[Drawing 10] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 

[Drawing 1 1] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 

[Drawing 12] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 

[Drawing 13] It is the circuit diagram showing still more nearly another example of 
the switching power supply equipment of this invention. 
[Drawing 14] It is the wave form chart showing time amount change of the 
electrical potential difference of each part in the switching power supply 
equipment of drawing 13 . 

[Drawing 15] It is the perspective view showing one example of the electronic 
instrument of this invention. 
[Description of Notations] 

1,10, 20, 30, 40, 50, 60, 65, 70, 80, 90 - Switching power supply equipment 
2 - Rectifier circuit 

3, 31, 51, 61 - Output voltage detector 

4, 11, 21, 32, 41, 63, 66, 71, 81 - Control circuit 

5, 12, 68 -- Turn-off circuit 

6, 22, 33, 42, 64, 67, 82 - "off" period control circuit 



43 - Electrical-potential-difference supply circuit 
52 62 Negative feedback circuit 
74 - IC 
100 - Printer 

91 - Constant-voltage regulator 

92 - Direct current voltage supply 
T - Transformer 

N1 - Primary winding 

N2 - Secondary winding 

N3 - Feedback winding 

Vcc - DC power supply 

Q1 - The 1st switching device 

Q2 - The 3rd switching device 

Q3, Q8 - The 2nd switching device 

C3 - Capacitor 

D8 - Zener diode (limit circuit) 
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3O^3it>jl<ft0> ^1 tf)X-f 7^$fQ 1 
:*>t>iI<ft£o ^t<Dtztb. m 1 COX-f y^^Q 1 <D 

[0031] mizmfiffimzfc, mij^p o<Dmj£& 

^-<<£TT^^a6(cy^ h^t-KPD 1 

U H^>^X^Q3^<^ilT^>^:i6^, fg 1 cox 

[0 0 3 2] 0 ^liOX-f 7f>^tigil 

fC^^^^m^<hX'f>y^>^^i:(7)^^, il 

vkf^oiz, x-r 7^>^iign ic&t^Tte, mi 
waits ^tc^or, @^#B#i5^x-r y^yym®. 

a < ft D , its ft £ £ x y 9- > ^» ffl 

&&coRcctt<Dx^ y^yymmmwizit^ 
[0033] m 3 1Z, ^m<Dx-( y^>^/m.M^m<D 
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bL<\tmm<Dffift\ztemcmn&ttL. ^omm^^ 

[0034] in 3 ic&^t* x-r y > tfmmi&w 1 0 
\z. iiox^f y^>ymmmwiiziortz>mffl[Bi&4 

\zR7LTfflm\B\& 1 UtLTt^. $IJWlHlS§l 
1 ^^^T^~>^--7lHj^5^ft^T^->^"7[Hl^l 
2^tltl^o ^ — >*ym&l 2{C43^TH^ — > 
:*:7[eJ& 5 fC&tfS ¥^ H D 3 ^t^nt^§ 0 

[0035] zm-e* gi4{c, y.^ y^y^MMmmi 

10 0 fC^tS'JiM^N 3 IZ^-t^m&Vn 3 hy 
>i/X?Q 2<Ds<— X • X^7^^1EVb e <D&fMU 
{fcSr^cU cn^#IlTX<7^>^fI8H 0 0 

[0 0 3 6] X^7?>^ilgfl OlC&t^T, n> 
^>itC 3 \z3tmznfzmj£lZJ:-DTVb etf±WVT 

hy>iS7,?Q2&Jr>TZ>Z\£\ZJ:'oTm 1 tf>X-T ^ 
1 ^^->^-^LT-^#^N2^^>Mat[Hl?§ 
2tC^7^ns e fc5lCft&<h. mW^&N 3 lz3£*k-r 
^fEVn3«^|p]l:^^)o Ctl{CJ:oTn>^>it 

20 c 3\z\z^n&x*£\zm^fa<Dmj£&mn-£tL. hy> 

yX^Q2 ^^>T^^^{C3fem$tlfcm^^*mT^ 
fz^Xf<£<MJj&\lz3tn2ftZ>o -tUttVyloVTs*? 
Q2(?)^X-X$ ^^PpimEEVb e^AlCft£„ ft 
43, h^>>>X^Q 2 1 CDX-f ^y^^Q 1 — 
>*y£&%rz&\Z-m*>-?Z>fztfT*&r). ^-x- 

[0 0 3 7 ] z:*#^N2^^>S^tlHlS§2-\com^ft 
<ft^^'i§3l#^N 3 <Dmf£lZMW}l>fc&£> 0 V-\chiR 
30 $IT1/^, ^nt£*>\ZZi>T>*V'C 3(Dmffi*>&iri 
R7^LTM$n, 3>^>ltC 3 (DftcOTjfRl^M 
i^mm^ftfc ^^icffiTT^o Tft^)^h^>^X^Q 
2(7)^— X • 7^WEV b e^ftff b^iCO VtC 

[0 0 3 8 ] fLT, /li^^PoCO^m^m^^fiiJ^ 
T<hftoT> mi <7)X-T 7flfQ l^^->^->T-5 
t> ®jl#^N3fc:^±-r^mEEVn 3*m£l*]£ft-? 
T, n>5 :: >^C 3OJH7jrp]0*m^lf^^^o c:cd 

tz. mti^p o izmmz nrzM.mmfkffix*m i <d 

40 X-T y^m^-Q 1 — >^>1-^>^T^^ — >^->3g 

^d6(c. ^>^>vc3<DM<Djjm<Dmi$mmZ'b2< 

m&iz* a>^>itc 3<Dticmmm*m^fzsbiz. n> 
ft^p 

[0 0 3 9] ^O^M^^n>5 :? >ii-C 3^Jll^[5i^^ 
50 |ll^f^T0f^c7)(^SmStC^1-^^T^^P H 1^<ft 
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-So ^(Dtztb. n>T>+rc 3 <DmnW£tm^(T>mz 
Q 1 ^->t7t5iTO^1H fcft«TIC&*«£ 

S<ft!K SM#Kft£ti;£:g<&3o cnta, ssi© 
X <i y Q 1 <D * >mWMfi* MSfflm > t5 £M < ft 

*->:*:7[nJ&l 2e#*«*>«BKI3S*EI»<3!)«ll 
£«AT^£££f;:ft5o 
[0 0 4 0] ^Ocfc-pJC, X-f7f>^lIill0C 

1 <DX-r yf*fQ 1 ©t7«W#g<S^Tt> 

^>^«&»#«<ft>P* lM^^^t*X^7?> 
y»«»3WK < ft § £ ^ o £ « X y ^ > 1 

\zit^x±m\z&»rr^ c t&x^. &<t?ma>«mm 

[0 04 1 ] X^7f>^ligfl 0tC£>^T 

IlW7fifQl©^>t7«|j:3> 

[0042] msiz. ^wox-t y3->tfmmmmo 
tm-h\s<\mm<nmft\z\zmcm^&tti,* ^<om 

[0 04 3] H5£;&frvr. 7<7f>^ilgf2 0 

i \zvi?i.xmmm^2 i ^slt^So ^fc/sjwimK 
2 1 \z&^T*7mmMmm&$\zRXT*7mmmw 

©^2 2 ^LTl^o 

[0 0 4 4] *7fflM»J»l5lK2 2tt, n>^>-*C2 
<h|g 1 CDX-f -/^SS^O 1 <7)y— h Cxa yftZUsir 

ptf^n^nmrnzntzw, 2 ^x-r y^m^xfcz p n 

UcNPNI©h7>S?X^Q4i:, h7>vX^Q3 
0D^<— X£ h ^>>*X:*Q4 0Dn U??<Dmz&M2n 
fcffiSxR9<h, h7>v7^Q3£?)X57^<!:l>7>y 
X^Q40>^-X©mrc:Stt$nfcffitaR 1 0 43cfctfffi 
taR 1 1 <Z>tt?iJ[El&<h, JgtftR 1 1 \ZMmz»13l2 tltt 

7*b h7>^x^PT i^e«$nw§ e 
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[0045] c<D<ko\zmj&2nrz7,<< y^>ymmm 
*ymmmmmi&2 2<D7*b h7>yx^PT i#w 

ML, cntfitiR 1 1 Sr^LT^—Xfcmat^gKnii 
trc^tCck-DT H7>yX^Q4^>L, ^n^cfco 
Th7>yX^Q3^>t, Sl^^yf^Ql 

10 [0 0 4 6] S3 fC^LJiX-f 7^>^«iBKi 1 0(7) 
«£-<!:H«&K\ (IftffifBStCtt^^ h^t-HPD 1 (7) 

%7t^®<. h7>yx^Q 3(Dmm : b&<teo* mi 

"FT*. jBfc»ftWWrK:tt7* h^*-KPD 

«k S l ox-f 7 f *f Q l ©^>JHB^fi< ft 0 , -t 

[0 0 4 7] £<7)J:5lC, X-f y^>£fSiRg«2 OK: 
*5^TfcL X-f yf^lSgf 1^1 0<O*^i:H« 

sii <z>x*f y^sR^Q i co^-^wra^Sflffli-r^ci 

CD R C C^SWX-f 5 L >y«aaS«(Cjt'<T^:ffi^lS 

[0 0 4 8] ^fe, h^>>?X^Q 3C0^—X<h^^> 
Ht©W«Cl N^>> ? X^Q4^IS^^>C:<htCcfcoT, 0 

[0 0 4 9] T&fc>^, ^ 1 CDX-T y^m^Q 1 (O^ — 
>ttmfiWrHI ^^cD \z?— V l:ft-y$n^.iS 
a-CXfcf— H^ft^^^A* h^>> ? X^Q3C0^-> 
t^l^U^l^X-fy^fQ 1 <0^->^>^ 
40 #-<ft^o b^Uft^^. 7^hh7>yX^PT10 

tiih7>yx^Q3 tmmmmxmft-rzmfuwm 

<> Ql(DX^7f>^nx^<^^ e ^ncwi 
T, X>fyf>^ffigI2 0Tfj:h7>yX^Q4« 

^<ft0. ^ 1 ©X< 7f Q 1 ©X^ yf >^a^ 

[0050] S6tc *mn<o^ y^yvnw&wv* 

50 $e»^9J©HJfiOT<DlHlKHS:^-r. g!6^^^T, HI 5 
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[0051] ni6tc&t>T> x-r y? L >ifnmms3 o 

SJfflI[Hj^2 1 Kft;LXSJffl)[Hli&3 2^1W 
3„ tSZ\Z, mm\B\&3 2iC&^X, *Jffl!lHl£§2 
tSx.TC'^cgtftR 5^^n^>i<hfc(C, fglCOX-fu/ 
5PSH^Q 1 coy- h • V-xraidffiSxR 2 i 

<0£(mkT£fc#(0fe<0X&3o 

[0 0 5 2] ffl*«BE«iffllHlB3 1 tt, fcHrtWEttttJIl 
g§3{C43frj"^y-r^— KD 2, 7xt-^t-KD4 
7* ^y^:*-FPDl£^gtaRl<hS'V>b 
l/^^—^S R^K(dB^JtcSSfSUT«^$tlT^ 

[0 0 5 3] ^-7SBMSiJfBlslB3 3tt. 3>^>1tC2 
COX-T v^MTQ 1 coy— M:i'y^ 

ftf^n^nigmznfzm 2 cox< y^m^-c&zp n 

PKDh7>^X^Q3t, X^ >^^^y^> K(C^ 
bfcNPNIl!<Oh^>;/X^Q4£. h7>vX^Q3 
<7>^— X£ h^>v ? X^Q4<7)3U^^0)HfCSEi^$tl 
fclgfixR 9 h7>vX^Q3 COX^ y^-^— XRSj 
nfc 3 >^>ltC 6 lilMV c c ©-^ 

<0Mfc»tt3*i£ffitaR 1 N7>yX^Q4^ 

[oo5 4] c^cfc^^WfiE^nfcx-f *y^>y«ieis 

«3 0Ki3HX. ffl*»TPo(0«EEa*fiTT££ffl* 
Hl£$i£ti[elg§3 1(0:7* hy-ft-HPDlOWf? 
ihT^>o ^nCctoT, ^-^^Fb1OT[hIK3 3 07t h 

h7>^^PT i (Dmm&j&mzn&fcisb* jskri 

3 ^LX^-XiC^n&tmfiHCcfcoX b V >*J7s? 
T*>U S 1 7f$f Q 1 ^->t>tt^) 

[0 0 5 5]— 7j> h7>y^^Q2^>1-§Cil: 

cfcoti i 7f *f q i ^t7t mmmm 

N3£i»;frfi©«ffij&*fB£U n>^>-y-C 6£fem2 
i*\ h7>yX^Q3^t7l:t§ 0 £6lC, fglcOX 
-f yflffQ l <r>9 — >t7l:«l:oTr ^fflij^^m^tfc 

<OX< y ^SS^Q 1 coy- b KIE<0«EEa*tt*&Tffr^ 

i cox-r y^-^Q i >*>-egte<tzz>. 

[0 0 5 6] HI* 0443cfctfH5(C^bfcX-r 
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KPD 1 *«^. < R3t#lfc U h7>yX^Q3^f<W 
[0 0 5 7] ^COctotC, X-T 7^>^fSSI3 0£ 

is^xte* x^f 7 f > ^ligf ltl0^>20 
il^fc, m l cox-f 7f*?©*7fflB^HBTSi: 

coRCC?j3;cox-f y^ L >y«ig3g«{rjt'<x^:'BJc<£ 

20 [0 0 5 8] 07^ *S8W<OX-f 7f>^liSi^ 

[0 0 5 9] 07tC43^X, 7Y7^>^li^gi4 0 
te> 05<OX-r 7f>^iKgI2 0 43tt^»JWHlB2 
1 t«AXSJHIslB4 1 Sr^TbXt^. £fc* ©JWlUB 
4 1 {-4d^X> MHIilK2 1 XtellAX^fcgiaR 5# 
#^n^t<hfetC, i6 07^7f>^Hgi3O(Z) 

m&tmmzmKDx-ty^m^Q 1 ©y— h • v—x 

30 Bl:fifiR2l*»ttSn, S6Jc:*7»IIH«IWiaBS2 
2K:«*T*7MIB«HllilB4 2^<t^«JE«J&(HlB4 
3 Sr^TLXV^o 

[0 0 6 0] ^7SBKI»JWIeIB4 2«, :3>^>1tC2 

i <ox-r 7^*fQ i <£>y— mcx^ 7^^i/^ 
^^-en^n^^n^m 2 <dx-y y ^ss^r** p n 

PI©h7>yX^Q3cl:, y^y^ > FtcSM* 
lfcNPNS<Oh7>^X^Q4i, h7>yX^Q3 
(0^— X<h h7>yX^Q4(OJ U9*<DmiZt&Wt2tl 
Tzi&triR 9 h^>v ? X^Q3(OX^ h^>v 
40 X^Q4co^-X^c7)^{cS^^nfcS5xR 1 1 7 
thh7>yX^PTli, 7thh7>yX^PTl 
COX 5 ^£ h^>v ? X^Q4C0^<- XiKOrat^SEltt^ 
tlfzt&triR 1 2*^»J*Snt^5. 
[0 0 6 1] «ffi«3(ei5iB 4 3 tt, !ffiM#^N 3 (0-« 

tmffit&miz&mznrzy'fjr—FD 6tzi>^>^ 

C 7<Z>fi^"JIslB^efllfiK$nxliS. ^Yt-FD6i 
3>f>1fC7©mfi(t ^7SBWfflfflllHlB4 207 
* h h7>yX^PT !<DziU??lzmigi2nT^Z>o 
«EE««SIhIB4 3tt*7MIB»«lllslB4 2 IC 
50 »l!B«EE*«J&LXl^. &^3, ^^Xti, ftJESW&ia 
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pt i <Dfz£><DmmnK.T~$>z>tz®. *ymwMmmtt 
[0062] c(D<ko\zm&znfzx-( yT>?nm& 

□ >r>itc7^i$ns. fit, m^^PocD 

7>yX^PTi^lt^^, uy^y-^c 7^b 

7th h7>yX^PT 1 iffifiiR 1 2 
n(CctoTH^>> ? X^Q3^>L, 
[0 0 6 3] HI, 03, ^SJC^b^X-f y^yt/m 

mmmi. io, 2 ooit^ngtu;:, iftgPfi:n7 

* t-HPD 1 <^7^jl<, h7>yX^Q3 

0O^iifc3I<&9, HI <7>X-f 7^ifQ 1 CD?->* 

b7>i?7s?Q3rf¥-<mm-fz>rc&iz, micDx-r>y 

[0064] msiz^Ltzx-i y^y^mm^m 
2 o<Dm&£\*&feo* y* h^t-FPT i\z%t-r 

m^^mEE#t^[HlS§4 3^6#t^LT^^>fca6, iti 
»jLT^£B#) Tk^bfcS«T*N^>vX^Q4£ 
[0 0 6 5] Z(D£o\Z, X< 7^>^lMil4 0 fC 

<?> r c c Jj5£<dx 1 y > ^mwMmiz\t^x±mz& 
ffi~?z>z.ttfT*£z>o enactor, 

[0066] i8i:, ^w&y.'f yT-ytfmm&mcD 
zzizm&^MMoyiBi&m&tto ms\z^^x, mi 
tm-hVKimmvmftiztemcnzn&ttL. ^-ota 

[0 0 6 7] 18C^^T, X^7f>^iK15 0 
[Hjg§3{C>R;^.TtH^ffiEE^ai(Hlg§5 1 ^tltt^o ttl 
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^Btt^ffitaR 1 iyt>M/^a^SR0gI^i 
fgfciR 2 tiS.triR 3<D&1gi&£<DmiZ. &tn.Rl4£zi 

>?>vc8(Dmn®&frzfcz>M.Mm\B\?&5 2^^ 

$tlT^I)o 3>^>1tC 4 <hx* h h7>vX^PT 
1 (Cd:oT^^clEli^^^^nT^^o :*X|8 
P*1$W[H|g§ 6 (DZ1 >^>+hC 4 £l$£&<7)n >^>-*t£ 

[0068] z\<Dj:oi l zffif&2ftfzX'i y^-y^nm^ 
10 7b, -^mm^ 2 & zmm®& 2 izmM&ffi.n&? c 

T> ttJ^SBE«imiHl^5 1 {wMfflS[Hl5S5 2&$>Z>tz#> 

\z. y*h¥^*-FPDi\zmn%mm^M\zM'j> 
^y^c4(D^mmf£\t^\z±^-i,. -izmmmz 

h7>yX^Q3^t>L> ^etlfglcDX-f y^m^ 

[0069] -r^*^ x-r y^y^/mM&mix^tth 
20 MfPo^fff©f{t (m^u ^ 7^) i^o^ft 

Sl/T7t h^-ft-HPD l^>/t7lTM7 
^>^&^C^^oTl^c (ft^U 7 

fc) vnzttisT. x-r 7?>^llSf 5 o-cra;ft»« 

IhISS 5 2C0P#^(CJ:^T7^ h^^h'PDlOt 

Mizmfe-e^Zo 

[0070] m9iz. *mn<Dx-t y^yt/mMmwcD 
30 zzizm&mmmcDm&m&^-ro i^tc&^T, H6 

[0 0 7 1 ] H9(C^^T, X<7f>^figi6 0 

\z. m6<D7s^ y^yymm^w3 o&tf2>itit)mj£&> 

m©S§3 1 {^>R;x.Tm^mm^tB[Hl!^6 1 ^LT^ 
Z>o m^«JEE^m[UgS6 1 tC&I^Tte, ffi^SJ^ffiHJ 
i&3 lK&ttSX* Hy-1't-FPDl(hyt>hl/^ 
SR (DmM&tt&iriR 2 <hffii/xR 3 <Djm& t 

<Dmiz. mtfiR i 5 in>^>itc 9coa^jiHiss^e>^: 

40 ^>^'iSil[HlSS6 2^«$nT(/^o X-T^^> 
^m^S3 0^^frt^^JffllEHli^3 2 \zftpLTMffl ®& 
6 3^^TLTV^o ^fc> ©JfflHeIS§6 3 JC^^T, *y 

mmumm^3 3\z^T^ymmmm^6 
ti^o *ymmun^§ 4\z&^x\-£. &$iRi3 

&£Z£y* h h7>y7^PT l tth\zmj£$L®&& 
m&L-?Z>tz*b(Dny'ry-y-C 1 0^*7^- N YyyVT.9 
PT 1 ^M^iJtClS^^nTl^o 

[0072] z\(D^o\zm^ntzx^ y^ypmwM 
so xl, -^#^N2^e>^i§iss2{ctt^ffinm-rc 
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Xs tti^mEE^miHis§6 i \z^mmmKe 2&$>%rztb 

\Z. 7* KPD 1 lZffinZ>m%L&M1fklZM l 'J> 

[0 0 7 3 ] t^^, X>f7f>^tlgl3 0tli 

m\n\&6 2(Dn^mzx^>xy^ h^*-kpd i© 

[0 0 7 4] £fc, 7th^t-KPDl ^5S3t-fr 
t\ 7thh7>yX^PTl^>t:-^>XT^ 20 
£ <hi^?g 1 <DX-f yf*fQ 1 rf?->*>TZtc 

&m®&*&mizmf&Tz>£L&xzz>ti^o*v 

[0 0 7 5] il OC, 7f>^tiB8B 

[0 0 7 6] 0 1 OtC&^T, M7f>^fiSI8 
(Mi, 0 9GD>W 7f>?fiSI6 0tC:fctt5$iJfl3l[nJ 
»6 3KftATfHW§Itt8 1 ft#LTl>*. £fc, ftHQH 30 

[0 0 7 7] ^7fliKftiJWlHl8S8 2 lC*5^T, 
-f ^fiftLTNPNI® h7>^X^Q8^8W^ 
tlTl^« h7>yX^Q803k^^(^>f>1fC 

— McSMSStU ^-XtegtfER 2 0 £^LTB:«tmi! 
Vcco-«i:SK$nt^5. h^>i^^Q 

£9, H7>yX^Q90nl/^^(Sh7>yX^Q8 

w^i:a«sn, x^^^«ffl:at«iigvc coffiai 
i 8 zftLxmrnmrnv c c <z>— wc, }gtaR 1 9 

fit, h^>^X^Q8 0>^— Xtt^it- y^f^-— 
KD8 ^iTttMiHV c c (DffiSfC^^nT^ 

[0 0 7 8] £TF, !?§2<£»W y^tftlTPNPi 
CO h^>vX^£/SV>T^£0 9tf>X-r y^>^«aSK 50 



4#BH 2 002-359974 
16 

[0 0 7 9 ] X-f7f>^Mgi6 0l:^tiT 

v c c X r a/ (r4+ra) >V t h (Q 1 ) 

cco^^> v c c\$m%immvc c<dmj£. ra^ssi 

R 9 £R 2 1 (Dm^mtrim. r 4«»taR4<0»Kfii, 
Vth (Ql) te^l (DX-f y?->tfttQ 1 OLf^ 
ilETS6 0 &45, h7>yX^Q3, Q4~Z?C7)miE 

[0 0 8 0] fitaR 9©fitth7>y7^Q3 

s i ©x-r 7f *f q i ©x>r 7f 

fcf— F <&5tX'f7f> y^^T^-r £ fc36 
SfiR90lM^O^t<tt^K fit, Jg 

KffiffiR4©ffifc;fc€r<T?^&^. SSiR4ttje»fitn[ 
X&Z>rztb. Z.<Dm&$:^<X$f£^t^oZ£\Z, ffi 

[0 0 8 1 ] —is. S2©X-f7^ftlTNPNi 
©h7>yX^Q8 ftJBH&X-f 7f>^tlgf 8 0 

vccXr21/ (r20 + r21) >V t h (Q 1 ) 
Z.<Do%. r2Mi»RR2 1©fiRlTfe§ 0 
[0 0 8 2] £<D«^ R 2 1 tiit^m^V c c COffi^ 

[0 0 8 3] ZL(D£ o Id, X<7f>ytS8I8 0iI 
*31>T«U ^2©X<7fif^lTNPNS(Dh7> 
yX^Q8^l^^tia^T, ti5*c<Z)®®£0£;i 

[0 0 8 4] X< y^>i/«iISKB8 OteyW y 

^>^m^g@6 OKfc^T^CDX-r^^KNP 

N^<^b^>:xx^£m^fc<AT&£^, 01, 0 
3, sis, m9\z^tc7s^ v^y^mm^m 

1, 1 0, 2 0, 4 0, 5 0, 6 0 (;i:fc^Tgl2(£»W 
75 1 fft:NPNi©h7>yX^^i^c : bOTt>M 

[0 0 8 5] t^5T% DlO0X^75 : >yfIgl 
8 0lC:fc^T«, $20X-f7fifT^5h7>yX 
^Q8<D^-X<hfitftffizlIVc c©te«Ht©WfC^/x^ 
-^t-HD8«^ntt^o 
*-KD 8«h7>'^X^Q8 ££*>K>J ^ y b[eJ[&£ 
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»J*LT*5 9* cntCkoTS 1 ©X-f 7f *f Q 1 © 
ME (fMHttE) ^Sf^ttH^ffi^^^^tcffiiJ 

Vgs (Ql) =Vz (D8) -Vbe (Q8) 
tcSlfg^tl^o CCT, Vgs (Ql) IJSlflDM^ 
^S^Q l<Z>y— h - V— XWMtffi, Vz (D8) 
xt-^t-HD8Wxt-lE, Vbe (Q8) 

[0 0 8 6] 01 1 JC> 

[0 0 8 7] 01 1 (C^^T, X^7f>^tS8i6 
K6 3fCft*T*JW®&6 6£WLT^5. fit, ©J 

-r>*7l3B6 8t«A.Tlf^. ^^^ra©JW[Ui?§6 7 
^«t^->^-7lHlB6 8 0^^W^*JffliIeI^6 4 43 «fc 

g§6 7(0:7;* hh7>yX^PTl cox 5 > 
^701^6 8 CO b 7>yX^Q2 co^— X^fgi^£ tlT 

[0088] z<D&o\zmj&2titzx^ yr><>fmmgi 

[0 0 8 9] £t\ Sl©X-f7fSfQl^->t 
T 1 S:«En^«»ttt h 7>vX^Q 2 (B^-XlCfiattS 

sgi<z)x-r 7^^q lo^-^aarajc, mtin 

[0 0 9 0] «flWT?»S{5i:tH*«fl£(OfiT^a<. 

h h7>yX^PT 1 <0ffitafia*/h£<, n>5 =: >itC 
lO0jSM«»&< t fl:7thh7>yX^PT 

Blc»^gS*T3te«$ns. fit, n>T f >1tCl 
K7>yX^Q4^>b, h7>yX^Q3^t> 

u $ bi:i i (©x-i" 7f iTQ i >t^o 
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JEEteTOc h7>yX^Q2 l^JWCil 

U h7>yX^Q2^t>l, fglcox-f ^ifi^Q 

^yfJSTQ l^^-^co^^^^- h h7>yX^PT 

io mzn&o zo&otz* iMic^^i cox-r y^-m 

[0 0 9 1 ] -7j> £»ftffifORftC«, 7^h^t- 

kpd i \zffinzmm&'>te<tez>fz&. 7thh7> 

y X ^ P T 1 ©fifit t^'> I *f < & 0 » n>^>^C 
10©Stt«#«A, iSl:7thh7>^X^PTl 
^^LTC03>5^>1^C 3<03feS@^t^^<7^^)o ^ 

20 [0 0 9 2] fLT, mftflrHrfctt, 7^hy<t-K 
PD 1 ttS ^ /u df ««E^«tn A ^^fc«C> . 7^hh7> 
yX^PT 1 (OffiJr[fI^^D7X#<^0. ^(Ofc!i*£ 
>^>itC 1 0 liSHf— ^fcS/ttt, b ^ >>>X 
^Q4, Q 3 £fc, 7^hh7 

yyX^PT 1 ^lT3>f>ij-C 3 ^*ftl>li 

WHIB6 7ttHRWtc»fPb^:tifc«>, h^>XTfc^ 

^e>n^^x^;p^-^-^#^N 2 ^^matt it 

30 iCfcot® 1 ©X-f 7f Q 1 ^->t>L, — * 

#hn 1 \znmf>mni&tb2>o Ttet>** m&mmz\* 

[0 0 9 3] J^±CDJ;3{C, X-<7f>^fflgI6 5 

>mtn<Dmn*>ff 5 z &&$smzi* 
mmffi^-F^mftz^zz.ttf'vz&rzsbiz. x-r 

»*j-r* x-r y^v^aag^BrtBB-c© 

mfkffimiz\$x^y^>?m&&Q%mmm$: 

mmmme so^x-r 7f>ytingM6 o jco^a 

[0094] hi 2 ^mm<o7,^ y^y^mm^m 
<o2 $izw\<Dnmme>Eit&&&tt «> 0 12k&^t, 

50 [0 0 9 5] 01 2(C£^T> X-f !y^->^«JIBfiB9 
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0 \t. mnj£u^rzL 9 i tmmnjzm. 9 2 zm*- 

(-*#^N 1 <D-ffi) B ^«}Sja#«N 3 <D- 
CfflilliiVccMi ('j§S#^N 3 (Dm 
^> 2^>K) DjftttaiaR13, R18£c£tfR 
2 0(Dm^^SftLTt^o &43, HI 1 0 K&^Tte 

[0 0 9 6] £«El/*al/^9 1H IStrtR 

2 1 &<fctfR 22i h7>vX^Q 1 0 t^jc^— 
t-HDgty-ft-HDlOTi^nt^, 
>yX^Ql 0(7)3 U^teJgfaR 2 1 ^LTA^l: 

Jgttsn, ^-xiiyit-^*- hd 9 ^it c 

jftH»«SnTlri-&. h7>y^Q 1 0<£>^— Ate® 
JtlR 2 2 ^ITA^Cfegi^nTl^o CKD^^tC 
»5Cti:J;oT, h7yyX^Q10^^Xl 
Ett^xt- y-f KD 9(0^/x^— m/EtCSmEEft 

[0 0 9 7] fla«t«BE« 9 2 *-HDl 1 

[0 0 9 8] fit, SSJEU^iU-^9 1 CO 
yX^Ql 0<DX^ y^^y-f HD 1 0£^LTit 

[0099] x-f7f>^iigi9 otc&^x, ®*n 

9 2 1 

1 1 (DtiV— FS^^h^>> J X^Q 1 0©x^7^i 
EE«i: D t>S5 < ffii«*EES9 2 ©ffl^mflE* 

l 0«iti«*jEiB9 2*^5t«ffiw^i^-^9 i {cm 

[oioo] c^ct^tc^^n^x-r ^^>^m^s 

ffitrER 1 8 tCte, MffiMMV c c <fc 0 «JEfiCDffi^fi«t 

mmag9 2^^omEE^epin$tiSo ^<dt^. mmm 
[oioi] dcoct^^^mjEi/^^u— 

♦ 

[oio2] mi 3iZ, *lWX<7f>^f^- 
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<0$^{zBUO^Jfi*lla>lHlKH*^-r. H13lC*5^T, 

b 6 *5<£tfin 9 tm—h u < «H^<oas»^fira UK*t 
[0103] isi 3tc*5^-c, a-t v=?yynMMm.i 

K3 2ld«^.TftlWlHl8S7 1 ttt^Sffi&tBlElSS 3 1 

[0 10 4] 85iJ»te]g§7 1 fCSS^TH StrCR 1 6, R 
lit.. n>^>-9-C IK CI 13^,1 
10 WMlck.. ^7>7'Q5^J;^Q6 < i:, S«P«JE« 
Vref l^WVref 2^ h7>yX^Q7t, 
R S 7 'J 7 7^ 2 <h > K7^f7S73t, 7 * 

[0 10 5] ^CT, JgtaR 1 6^3>t>^C 11* 

$ntt^. y-r^— HD 7 ^Xi^^C 1 2frt>fc 

z>mm\°\& hmc< mwmmN 3 £ asm ©pa teg* 

S§ 7 1 0«f$(Dfil(h^oTt^o StrCR 16t 
20 a >^>1*C 1 1 <0igf*j&<2: SUSSES V refill 

AJSTfcaa^nrv^. «se«i c <ti¥t e^v r 

Q6(Dmt}\t. ^nRS7'J7^7P7^7 2©R 
aj^tSflB^fCftJK^tlTt^. RS7'J7/7P7^ 
7 2(DQifHF7'<7'g7 3^lt^l©X^7f 
l©y— McSRStlT^S. h7>yX^Q7 

30 n. ^-AHfitSR 1 7 ^LTt^TV^Q 5 OtUA 
iSfl:8i$tlTt^. $ 7thh7>yX^P 

[0106] &*3, SJtlR 1 7 , XI >^>1*C 13, t 
«ESU c *^7>:/Q5;fcJ;tfQ6* i«P«ESV r 
ef lMC/Vref 2, h7>yX^Q7, RS7U 
7^7D7^7 2, ^cfc^H7'f^7 3liIM$n 
T I C 7 4tftoW5. 
40 [0 10 7] H14tC, A-fy^>^«iBKB 

7 0 tCi3ttS»a#lftN 3 \Z3£*kf ^tEVn 3 ^* 
^7>^ r Q5<Z>*K(EA*»^^A*$n^«JEV t r 
igt, ^^T>7 p Q6C0^^A^S^fCA*$n^) 
SEEV f bt, mi <D7W ^iii^Q 1 ©y- MEV 

g outwit zti&mmi'TTs'r y^ypmrn 

g!7 OCDlbfPtC^V^TBiWrS. 
[0 10 8] X-f 7f>^liSi7 OK&^T* V f 
b^Vref 2l:mt> RS7U7^7D7^7 2 

50 SfQl^->t>t5 (tO) o 
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[0 10 9] mi (DTs-i y^-m^Q ltf?->jr>~§TZ> 

V t r i g^'Vr e f l\zm~fZ>ti. RS7'J7^7P 
y?7 2^Uir^y V gtfLWOMZtSLO. mi 

©X^>^$fQl^->t7t^) (t 1) o C(Dh 
^> V t r i g^V r e f JCjf-f £ STtf)^ « % t 0 
P^tCfcttSV t r i gjWEWa i'S<W. h 
^>>?X^Q7a*:*>T3££{£cfcoT, VfbteOV 

[0 110] ^KOX-f 7^*^Q l^->t7T5 

>-itci l^ftii, $6^2?*[R]t35te*t" sfc«e>, v 

t r i gti^©«EEfc:fcS. 

[0111] £fc, -*flijfcattl^m«t^<^:^ ( t 
2) »a#«N3<^«£EttU>4 : >^&tti:«6Si 
fipStCV f bte|?tf±#£fcj;t;#>, Vref2tCjgLfc 
^TtOtcMO, ^n^^0jM"r<, £<£><hi*, Vfb 
©±ffO«fU7* h h7>yX^PT 1 t;i<£oT&£ 
£«> ft«f*«(Hfit, 7th^t-HPDl^M 

[0 112] V t r i gte0 6^L£:7W ^ 

t7Wlt^V t r i grt*J:#LT0 VlCifit*<£: 
[0 113] HI 5 1C, #5B9i<D«^fi<D— 2fc»«tf> 
>^ 1 0 0 tt«jK@»<0— «i UT**W©X-r v 
[0114] 7 P U>^100 a>Hl»J»ff JcH"TS0P» 

««pfC«Si:/Lrif«**fH»L,3S:^^. fit, #58 9|© 

[0 115] HI SKSL&yj >^ 10 01:^5 

^trai iz^i,rzx-( y^>^mmmmi zmmLtz 

tfi* 0 3*&teB5&^L0 1 3(C^bfcX-f y?->tf 
11^11 0, 20, 3 0, 40, 50, 60, 65, 
7 0, 8 0, 9 0§«fflLTt)«lfea^fe©T, 

[0 116] £/c, *^^CDm^B«^U>^fC(ge 
[0 117] 
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yzmmzm^xm 1 ox-r y^*^©^— 

(iAWfctt*e£**<iI3SS-frS*7»|«IWfl|lHlBfi 
[0 118] £fc, #58iB<0«^g«K:£nfcf, 

<ox-f ^>^«aggB£m>5C£{c<fcoT, 3&*<0 
[Hffi^ffi^itt^] 

[HI] *«K©^'f!y5 L >^«JE«ll(Z>-^Jfiffi|$^ 
TtHl^HT^^o 
[02] Hl(D^-f y^>^*iH$IIIt3i3^saffifll* 

[13] *&w<D*4 y7>?nmmu<Dm<Dnmm& 

^T0^HTra5^o 
[H4] H3<o^-f y^>^«iSgiStc^ttS*SBo« 

[05] y^>^«S^»0$^^9JOH 
Ifl**tIslB0T»4. 

[06] *^0^(7)X<^5 1 ->^m^gco$^tcSiJc7)|| 
ffi^J £^~T [m&0 T? * £ o 

[07] *&m<OX4 y^>#nm&fc<Dt£ ZlZfflO)^ 
30 JfiW^^-riHlBHT**. 

[08] *&w<dx^ y^>?mmgiw<D2 t>izm<D$£ 

[0 9] **M©X-f y^>^ftjH^B©$e>«c9J<0^ 
SfiWSr^-riHFKHTftS. 

[hi o] *5tw<o^ y^>^nmmmo>^ib\zm<o 

[Hll] *»M©x-fy^ 1 >^«SS»co$^Jc:]5iJ© 

[Hi2] *mw<Dx^ y^>#m.mmw<D-£t>\zm<D 
40 n»«^^-r®B0^*s. 

[0 13] *5S^<z>^-ry^>^«iS^«©$^jc:»ja) 
*JB«^^TIs!KH"e»S. 
[0 14] 01 3©x-ry^>^iliBgll{ci5^SS-aR 

cD«EE<Dnsra^b&^-ri8[»0T**. 

[015] ^MtDm^gB^-^JfiWSr^-r^fflHT 

[?£^<Z>1»9§] 

1, 1 0, 2 0, 3 0, 4 0, 5 0, 6 0, 6 5, 7 
0, 8 0, 9 0-7<7f>^fl 
50 2 -fiESStimB 
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3, 3 1, si, 6 i -m^mjE^miHis§ 

4, IK 21. 32, 41, 6 3, 6 6, 71, 81 
■•*$»JS9IhIK 

5, 12, 6 8-?—>*y\El& 

6, 22, 33, 42, 64, 67, 8 2-*7m?3M 

4 3 *"1iJ£#y&fHl2& 

5 2,6 2 -ftili^ 
7 4 - I C 

i o o-yy >^ io 

9 1 "•SiJIWal/-^ 
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9 2-tttft§JH£ 
T- N^>X 
N 1 

v c c ---li^fltifii 

Q 1 -SKOX^fyfSf 
Q2 -- ^3C0X-T 7ftf 
Q3, yfXf 
C 3 -O >^>it 
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